T T A V I N G never failed, when the experiments were con-•A. J-duCted with due attention, to procure fome acid when ever I decompofed dephlogifticated and inflammable air in clofe veflfels, I concluded that an acid was the neceflhry refult of the union of thofe two kinds of air, and not water only ; which is an hypothefis that has been maintained by Mr. L a voisier and others, and which has been made-the bafts of an intirely new fyftem of chemiftry, to which a new fyftem of terms and characters has been adapted. T he fa ffs that I alleged were not difputed; but to my conclufion it was ob jected, that the acid I procured might come from the phlogiflicated air, which in one of my procefles could not be excluded; and that it was reafonable to conclude that this was the cafe, becaufe Mr. Cavendish had procured the fame acid, v i z .t he nitrous, by decompofng dephlogiflicated and phlogifticated air with the eleCtric fpark. In other cafes it has been faid, that the fixed air I procured came from th m the iron from which my inflammable air had been extracted.
W ith refpeCt to the former of thefe objections I would obferve, that my procefs is very different from that of Mr.
Cavendish ;
8 D r, Priestley's Experiments C avendish ; his decompofition being a very flow one by elec tricity, and mine a very rapid one by , a procefs by which pblogifticated air, as J found by adtual trial, was not at all affected; the dephlogiflicated and inflammable airs unit ing, and leaving the phlogifticated air (as they probably would any other kind of air with which they might have been mixed) juft as it was.
I would alfo obferve, that there is no contradi&ion whatever between Mr. Cavendish's experiment and-mine, fince phlogifticated air may contain phlogifton, and by means of electri city this principle may be evolved, and unite with the dephlogifticated air (or with the acid principle contained in it) as in the procefs of Ample ignition the fame principle is evolved from inflammable air, in order to form the fame union ; in confequence of which, the water, which was a neceflary ingredient in the compofition of both the kinds of air, is precipitated. T h at in other circumftances than thofe in which I made the experiments, the acid wholly efcaped, and nothing but water was found, may be eaftly accounted for, from the fmall quan tity of the acid principle in proportion to the water, and the extreme volatility of it, owing, I prefume, to its high phlogiftication when formed in this manner.
In order to afeertain the effeCt of the prefence of phlogifti* cated air in this procefs, I now not only repeated the experi ment of mixing a given quantity of phlogifticated air with the two other kinds of air, and found, as before, that it was not afFe&ed by the operation; but I made the experiment w ith atmcfpheric air, inftead of dephlogifticated. Since the air of the atmofphere contains a greater proportion of phlogifticated air, it might be expected that, if the acid I got before came from the fmall quantity of phlogifticated air which I could not relating to Phlogjflon, &c. Part III. 9 uot poffibly exclude, I fhould certainly get more acid, when, inflead of endeavouring to exclude it, I purpofely introduced a greater quantity* But the confequence was the production of much lefs acid than before, the liquor I procured being Sometimes not to be difiinguifhed from pure water, except by the greateft attention poflible: for though the decomposition was made in the fame copper veffel which I ufed in the former experiments, there was now no fenfible tinge of green colour in it. W hen I repeated this experiment in a glafs veffel, I per ceived, as I imagined, the reafon of the Small produce of acid in thefe new circumftances: for the veffel was filled with a vapour which was not foon condenfed, and being diffufed through the phlogifticated air (which is not affe&ed by the procefs) is drawn away along with it, when the exhaufting of the tube is repeated ; whereas, when there is little or no air in the veffel befides the two kinds which unite with each other, and are decompofed, the acid vapour, having nothing to attach itfelf to and fupport it (by being entangled with it) much fooner attacks the copper, making the deep green liquor which I have defcribed. Sometimes, however, I have procured a liquor which was fenfibly green by the decomposition of atmoSpheric and inflammable air, but by no means of So deep a colour, or So fenfibly acid, as when the dephlogiflicated air is ufed.
The extreme volatility of the acid thus formed (and which accounts for the efcape of Some part of it in all thefe pre cedes) is apparent from this circumftance, that if the explo sions be made in quick fuccefiion (the tube being exhaufted immediately after each of them, and filled again as foon as poflible) 110 liquor at all will be collected, the whole of the V ol. LXXIX. C acid io Dr. Priestley's Experiments acid vapour, together with the water with which it was com* bined, being drawn off uncondenfed in every procefs. I once made twenty fucceffive explofions of this kind, in a copper tube, out of which I found that 1 drew 37 ounce meafuresof air by the aflion of the pump, and found not a Angie drop of liquid, though near an hour was employed in the whole pro cefs, and the veflel was never made more than a little warmer than my hand. This was a degree of heat by no means fufficient to keep the whole of any quantity of water in a ftate of vapour; and is a circumftance that of itfelf fufficiently proves, that the vapour did not con (HI of water only. Indeed, I think it impoffihle for any one to fee this vapour in a tall glafs veil'd, and efpecially to obferve how it falls from one end of jt to the other, and the time that is required to its wholly difappearing, without being l'atisfied that it confifts of fomething elfe than mere water, the vapour of which would be more equally diffufed. If the appearance to the eye fhould fail to convince any perfon of this, the fenfc of fmell would do i t : for even in a glafs velfel it is very offenlive, though it might not be pronounced to be . 1 conje&ure, how ever, that this, and every other fpecies of is produced by fome modification of the acid or alkaline principle. Some may be difpofed to afcribe this fmell to the iron from which the inflammable air was produced; but the fmell is the fame, or nearly fo, when the air is from tin, and would probably be the lame if it were from any other fubftance.
Belides ufing atmofpheric air, which contains a greater pro portion o f phlogifticated air, I have fometimes ufed dephlogifticated air which was not very p u re; and in this cafe I have always obferved, that the liquor I procured had lefs colour, and was lefs fenfibly acid.
Thefe o PhlogiJlon> & e. Part III. 11
Thefe obfervations might, I fhould think, fatisfy any reafonable perfon, that the acid liquor which I procured by the explofion of dephlogifticated and inflammable air in dole vefiels did not come from the phlogifticated air which could not be excluded, whether it was that which remained in the veflel after exhaufting it by the air pump, or that with which the dephlogifticated air was more or lefs contaminated.
But belides thefe experiments, in which I procured the green acid liquor by the exploflon of dephlogifticated and in flammable air in clofe veflels, I made another, to which I thought the fame obje&ion could not have been made, becaufe no air pump was ufed in it, and nothing but the pureft dephlo gifticated air was employed, being feparated in the procefs from precipitate per fe in contact with the pureft inflammable air in a glafs vefl'el which had been previouily filled with mercury. Accordingly, the only objection made to experiment was, that the preparation I made ufe of might be impure, contain ing fomething which might yield phlogifticated air. This appeared to me highly improbable, as the precipitate had been made by M. Cadet, and for the purpofe of philofophical experiments. Beftdes, if the heat of a burning lens fhould diflodge phlogifticated air from any unperceived impurity in this preparation, mere heat will not decompofe any perfon try the effect of a lens on fuch air, or any fub-.ftance containing it, and produce an acid if he can.
M. Berthollet, however, thinking that this might be the cafe, deftred that I would fend him a fpecimen of my pre cipitate per fe. Accordingly, I fent him all that remained of it ; and, in return, he fent me a quantity on the goodnefs of which I might depend. W ith this preparation I repeated my former experiment; and, by giving more attention to the C 2 procefs* 12 D r. Priestley's Experiments procefs, found it to be far more decisively conclusive in favour of my opinion than I had imagined. In the former experiment I had attended only to the drop of water which was found in the veflei in which the procefs was m ade; and finding that it turned the juice of turnfole red, I concluded, that it contained nitrous acid : but I now examined the air that remained in the veffel, and found that a considerable proportion of it was fixed air; fo that I am now fatisfied this was the acid with which it was impregnated, and not the nitrous. Still, however, fome acid is the conftant refult of the union of the two kinds of air, and not water only. A quantity of the fame precipitate per fe yielded no fixed air by heat.
Comparing this experiment with that in which iron is ignited in dephlogiflicated air, this general conclufion may be drawn, viz. that when either inflammable or dephlogifticated air is extracted from any fubflance in contact with the other kind of air, fo that one of them is made to unite with the other in what may be called its nafcent J l a, the but that if both of them be completely formed before their union, the refult will be nitrous . It has been faid, that the fixed air produced in both thefe experiments may come from the plumbago in the iron from which the inflammable air is obtained. But fince we afcertain the quantity of plumbago contained in iron by what remains after its folution in acids, it is in the higheft degree improbable, that whatever plumbago there may be in iron, any part of it Should enter into the inflammable air procured from it. Befides, ac cording to the antiphlogistic hypothecs, all inflammable air comes from water only.
As it cannot be faid, that any real fixed air is fouud in in flammable air from iron (fince it is not difcoverable by lime-I water)
relating to Phlogljlon, &c. Part 1 1 1 . t 3 water) it m ud be fuppofed, that the elements, or compo nent parts of fixed air are in i t ; but one ot thefe elements is pure air, and the mixture of nitrous air fhews, that it contains no fuch thing, though, according to M. L avoisier, fixed air contains 72 parts in 100 of pure air.
However, being apprized of this objection to inflammable air from iron, I made ufe of inflammable air from and I had the fame refult as with that from iron. I all'o calculated the weight of the fixed air which I got in the procefs, and comparing it with the plumbago which the iron neceflTaiy to make the inflammable could have contained, I found, that, in all the cafes, it far exceeded the weight of the plumbago; fo that it was abfolutely impoflible, that the fixed air which I found fhould have had this origin. For the greater fatisfadlion, I fhall recite the particulars of a few experiments of this kind.
In ten ounce meafures of inflammable air from malleable iron I revived red precipitate till there remained only 1.1 oz. meafure of air, and of this 0.07 oz. in. was fixed air, being completely abforbed by water. The weight of this air would be 0.063 8r#
But, fince 96° grains of iron will yield 1 oz, meafures of inflammable air, the iron employed in procuring all the inflammable air that was ufed in this experiment, This is not quite fo much in proportion as in the preceding experiment, but abundantly more than the weight of the plumbago. In 8 oz. m. of inflammable air I revived minium (which I found to have exadly the fame effed in this procefs as red pre cipitate, or precipitate per fe ), till it was reduced to 1 . 2 oz. m . ; and of this 0.028 oz. m. was fixed air, which would ex ceed the weight of the plumbago more than three times. In reviving lead from maflicot (which I prepared by expelling the pure air from minium) I had no fixed air in the refiduum.
In 7 oz. m. of inflammable air from tin by fpirit of fait* 1 revived red precipitate till it was reduced to 1.1 oz. m .; and in this the fixed air was fomething more than in proportion to that in the laft experiment.
In my lafl: volume of Experiments* p. 30. I mentioned fome inftances of the revival of red precipitate in inflammable air, without finding any fixed air, though in one I perceived a flight appearance of it. T o this I can only fay, that I now always find it, and have, in the preceding cafes, meafured the quantity of i t ; fo that, though I did not find any before, I muff prefume that I did not ufe the fame precautions that I did at this tim e : and it is poflible, that I might not attend to the efFed of admitting a large quantity of water to a fmall quantity of fixed air, which would prefently abforb the greatefl part of it. I alfo think I recoiled, that I then con tinued the procefs as far as I poflibly could, and confequently left very little air in the veffel; whereas I now purpofely left a good deal, that the admiflion of water might have lefs effed on the fixed air difFufed through it.
This alfo may be faid in favour of the greater accuracy of my prefent experiments, that they intirely remove a very great difficulty,
relating to
Phlog]flony &c. Part III. difficulty, which I acknowledged, p. 128. in finding different refults from feemingly fimilar circumftances; whereas I now find that both the circumftances and the refults are different. Befides, the pofiiive evidence of a&ually finding a fubftance always more conclufive than the negative one, of not finding it.
I do not know that any objection can be made to the inflam mable air from tin9 as this metal has not been proved to con tain plumbago. I wilhed, however, to repeat this experi ment with inflammable air from fulphur. But though, when fteam is fent over melted fulphur, a fmall quantity of inflam mable air is procured, as I obferved in my la ft volume of expe rim ents; yet, as fulphur cannot part with much phlogifton, except in proportion as it imbibes pure air, to form oil of vitriol,, I could not in this manner eafily procure enough for my purpofe.
In order tofupply the fulphur with pure air, I mixed with . it a quantity of turbithm ineral; but this made it yield vitriolic acid air, though in great abundance, there not being, I ima gine, water enough to form inflammable air : for when iron is diflolved in concentrated acid of vitriol, vitriolic acid air is pro duced; but in diluted vitriolic acid, the produce is inflammable air. W ith a view to fupply thefe materials with water, I fent fteam over th em ; but it did not combine with the air, which was ftill only vitriolic acid air.
Since, however, vitriolic add air unqueftionably contains the fame principle which forms the inflammability of inflam mable air, this experiment proves, that fulphur is not that Ample fubftance which the antiphlogiftians fuppofe it to be; but that it contains phlogifton. Had it been nothing more than a fubftance which had a ftrong affinity to pure air, it would have W hen I ufed a fmall quantity of fulphur in proportion to the turbith mineral, the firft produce was vitriolic acid air, and afterwards dephlogifticated air, from the turbith mineral alone, the effect of the fulphur having been exhaufted.
According to the antiphlogiftic theory, , as well as fulphur, is a Ample fubftance; and when it is ignited imbibes pure air, and thereby becomes the phofphoric acid, without parting with any thing. But I find, that after the accenfion of it in dephlogifticated air, there is a confiderable quantity of fixed air in the refiduum; and this fixed air could only be formed by the union of the dephlogifticated air in the veflel with the phlogifton contained in the phofphorus. Mr. Kir wan had a fimilar refult from phofphorus confined in atmo spheric air. As it is not pretended, that there is any plumbago in phofphorus, this experiment is not liable to the objection that has been made to thofe in which inflammable air from iron was made ufe of.
It will be expected, that in this reply to the objections that have been made to my experiments eftablifhing the doCtrine of phlogifton, I fhould confider what has been alledged by Mefif. " One of the articles of the modern doCtrine" (of which they fay, p. 311. " that it cod: more than twenty years labour, which « the force of reafoning has obliged many celebrated chemids to cc adopt, and in favour of which much greater nuhabers are ready u to decide;" and the evidence for which they fay, p. 301.
16 is the mod: complete chemical proof), which feems the " mod: folidly edablifhed," p. 298, " is the formation, the " decompofition, and recompodtion of w ater; and how is " it poflible," they add, 46 to doubt of it, when we fee that, " in burning together 15 grains of inflammable air and 85 of " pure air, we get exactly 100 grains of water; and when we " can, by decompofltion, And again thefe fame two principles, " in the fame proportions ?"
T o this 1 mud fay, as I have done, Experiments, vol. VI. p.
139. (and when I wrote that, I was myfelf a believer in the decompofltion of water), that I have never been able to And the full weight of the air decompofed in the water produced by the decompofltion; and that now I apprehend it will not be denied, that the produce of this decompofltion is not mere water, but always fome acid.
As to the fuppofed decompofltion of water by means of iron, I have fhewn that it is a fallacy; flnee the iron imbibes nothing but water when it parts with its phlogiflon. And I have obferved (Experiments, vol. VI. p. 83.) , that when this finery cinder is reconverted into iron by inflammable air, nothing but water is expelled from i t ; and that the refiduum of the air is purely inflammable, without containing any Axed V ol. LXXIX.
It is evident, therefore, that the iron had imbibed pure water only. Had the iron imbibed dephlogiflicated air from the water, and not water itfelf, there feems to be no reafon w hy fixed air fhould not be found in this, as well as in the exa£lly fimilar procefs with minium and precipitate per fe. Alfo, it can never be fuppofed, that the addition which iron gains, of one-third of its weight, is from air contained in fleam, if it could be proved to contain a n y ; beeaufe, if there be a fufficient quantity of iron, the whole of the water will be imbibed; fo that, on this hypothefis, water mufl be nothing but dephlogifticated air condenfed. There is, I acknowledge, a great difficulty in explaining the experiment of iron firfl imbibing water, and parting with phlogiflon, and again parting with its water, and imbibing phlo~ giflon, in cirCumflances of heat fo nearly fimilar as thofe which I have defcribed. It feems as if the affinity of iron to water and to phlogiflon was each, in their turns, flronger than the other. T o this I can only fay, that the whole do£trine of affinities, as far as it is true, is founded on facts; and thefe are clearly fuch as I have reprefented; and that a difference of circumflances, which is not apparent, at prefent, may become fo when we fhall have given fufficient attention to them.
In order to fatisfy myfelf whether any thing befides water was expelled from finery cinder by heat, I went through fimi lar proceffes with this fubflance and , from which all air had been previoufly expelled; and after reviving both of them in inflammable air, I found the refults, in all refpe£ts, the very fame. T he refiduums of the inflammable air were equally free from fixed a ir; and when they were fired with equal quantities of dephlogifticated air, the diminutions o f ' bulk relating to
bulk were very nearly the fame, lefs than when the original inflammable air was ufed, becaufe all the impurities in the whole quantity were retained in a finall refiduum, the metals having imbibed nothing but pure phlogifton, Alfo the ittflammable air had been long confined by water, in confequence of which it is always altered more or lefs. T he particulars of the procefles were as follows : T he finery cinder was revived in 7 o til. of inflammable air, which was thereby reduced to i | oz. m .; and an oz. m. of this refiduum being fired together with an equal quan tity of dephlogifticated air, not very pure, the diminution of both was to 28 divifions of a tube, of which 30 was one oz. m. when with equal quantities of the fame dephlogifticated and the original inflammable air the diminution was to 18.
T he maflicot was reduced in 8 ot. m. of inflammable air till it was reduced to i$ oz. m .; and after the the dephlogifticated air, the diminution was to 29, when with the original inflammable air it was to 1
In both the refiduums, after the explofion, there was a flight appearance of fixed a i r , though none could before the explofion ; but in both cafes it was fo flight that it could not have been perceived by the diminution of its bulk. But fince both fixed air and nitrous acid are produced from the fame materials in different circumftances, it cannot be thought extraordinary if, in fome cafes, both fliould be produced at the fame time.
M. L avoisier and his aflociates , farther obferve, p. 300. with refpeft to my experiments, that 44 when a calx is revived 44 in inflammable air, more water is found in the veflel than the 44 weight of inflammable air that difappears, fo that it could 44 not have been contained in that air.'* They only refer to D 2 my 20 D r. P riestley's E, & my experiments in general; but as they fpeak of the water produced as appearing both on the infide of the vefl'el, and on the furface of the mercury, it can be no other than the experi ment of the revival of iron from finery cinder; and the water that is found in this procefs was never fuppofed to come from the little that is contained in the inflammable air, but the much greater quantity contained in the cinder. Before I conclude this Paper, I fliail jufl mention a few circumftances attending the many explofions I have made of in flammable and dephlogifticated air in the long metallic and glafs veflels I have made ufe of, as they were pretty remarkable. T he exploflons were made by a fmall ele&ric fpark at one end of the vefl'el, and the greatefl force of the exploflon was always at the other end. No tinned iron vefl'el could bear many of them before they fwelled out at that end, and at length burfl:; and even the flat end of the copper vefl'el, which was not lefs than one-tenth of an inch thick, was in time made quite convex, and the cylindrical part next to it was made very fenfibly wider than any other part of the tube. This muff have been effected by mere f o r c e, and not b for the of the tube, after every explofion, was never there, but always about the middle, though fomething nearer to that end than the other, and in the glafs veflel the denfe cloud was always formed at that end.
T he probability is, that the air where the ele&ric fpark is made taking fire firfl, the inflammation does not extend itfelf fo rapidly but that the air at the oppofite end is firfl: condenfed, in confequence of the inflammation and expanfion of the air at the other end, fb that the air is there fired in a condenfed ftate; and hence its greater force.
